This study aimed to evaluate the epidemiology of hepatitis A in Korea from 2002 to 2012 using age-period-cohort analyses.
INTRODUCTION
Hepatitis A virus (HAV) is mainly transmitted through the fecal-oral route, although transmission can also involve eating contaminated food or person-to-person transmission [1, 2] . Lifelong immunity is often acquired after HAV infection [3] , and hepatitis A during childhood is generally asymptomatic or causes flulike symptoms. However, it is also associated with symptoms that range from nausea and vomiting to fulminant hepatitis and death among adults [1, 2, 4, 5] . Unfortunately, hepatitis A is one of the most common infectious diseases in the world [6] , and its incidence varies according to socioeconomic development and public sanitation. The endemicity of hepatitis A is generally high or intermediate in developing countries [6] [7] [8] , and low in developed countries [8] . Furthermore, epidemiological shifts can occur within a country or birth cohort group, based on socioeconomic developments and public sanitation improvements [7] . Moreover, these characteristics are pronounced in countries that have experienced high levels of socioeconomic growth, such as South Korea (hereafter Korea) [7, 8] . Therefore, it is important to evaluate the incidence patterns of hepatitis A according to age, period, and birth cohort, in order to understand such epidemiological shifts and to develop suitable public policy initiatives. This study aimed to determine the epidemiological characteristics of hepatitis A in Korea from 2002 to 2012, based on age-period-cohort (APC) analyses.
MATERIALS AND METHODS

Ethical statement
The retrospective design of this study was reviewed and approved by the institutional review board of Hanyang University (HYI-15-024-2).
Data source
We used claims data from the Korean National Health Insurance Corporation. These data included sex, age, the patient's address, disease type, date of diagnosis, and medical history. Cases of hepatitis A were identified using the International Classification of Diseases, 10th revision codes B15, B15.0, and B15.9. In cases of repeated treatment for the same diagnosis, the first claim was used for the analyses. The annual mid-year populations were provided by Statistics Korea.
Statistical analysis
Population and housing census data from 2010 were used as the standard population for calculating the age-standardized incidence of hepatitis A. APC analyses were used to identify the age, period, and cohort effects of hepatitis A. The category of age was divided into 3-year groups, with the exception of a ≥ 81-year-old group based on the low incidence of hepatitis A in that group. The time periods were defined as 2002-2004, 2005-2007, 2008-2010, and 2011-2012 . Birth cohorts were defined on the basis of 3-year cohorts from 1922 to 2012, and individuals who were born before 1921 were included in a single cohort. The incidence of hepatitis A was assumed to have a Poisson distribution, and the APC effects were measured using the intrinsic estimator (IE) method [9] . The optimal model was selected based on the likelihood ratio and the Akaike information criterion. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Table 1 ). The patterns of incidence according to sex were similar. The overall incidence according to age from 2002 to 2012 was highest in individuals 30-39 years old (102,065 individuals), followed by 20-29-year-olds (93,175 individuals). Table 2 presents the age-standardized hepatitis A incidence per 100,000 population according to sex and birth year from 2002 to 2012. In 2009, the incidence of hepatitis A in the overall population and males peaked in the 1978-1980 cohort (29-31 years old; 459.99 and 529.46 per 100,000 population, respectively). The incidence in the 1981-1983 cohort of females (26-28 years old) peaked at 408.43 per 100,000 population. The 1975-1986 cohorts (25-35 years old) generally exhibited the highest incidence rates, although some differences were found between males and females in the peak incidence rates according to cohort and age at diagnosis. , the highest incidence was observed for 24-26-yearold individuals, followed by individuals who were 27-29 years old. The incidence rates for males and females were similar, although they were slightly higher for men ( Figure 2 ).
RESULTS
Hepatitis
The APC analyses revealed that the best model fits for males, females, and the overall populations were observed when all APC variables were considered at the same time (Table 3) . Figure 3 shows the APC effect using IE models. After correcting for the period and cohort effects, a high incidence was observed for 0-2-year-old individuals, and the incidences subsequently decreased until the age of 6-8 years. The incidence rates gradu- ally increased starting with the age of 9-11 years, peaked in the late 30s, and subsequently decreased with age ( Figure 3A ). After correcting for age and cohort effects, the incidence of hepa 
DISCUSSION
We performed APC analyses of hepatitis A in Korea from 2002 to 2012 using nationally representative data. These analyses revealed that the full APC model provided a better fit than the age, period, age-period, age-cohort, and period-cohort models. Therefore, the APC model was best suited for our analysis.
Korea is a good example of the transition from a poor country to a developing country and subsequently to a developed country; these transitions influenced public health issues, such as hepatitis A epidemiology. For example, the per capita Korean gross domestic product remained at < 200 USD between the Korean War (1950) (1951) (1952) (1953) and 1968, although it has subsequently increased to approximately 27,000 USD in 2015. This economic development and concomitant improvements in public sanitation have altered the epidemiology of hepatitis A in Korea, and the endemicity of hepatitis A has changed from high to intermediate [10] . In this context, various studies have evaluated the incidence, seroprevalence, risk factors, and vaccination status for hepatitis A [3, 4, [11] [12] [13] [14] [15] , and have reported high incidence rates among individuals who are 20-39 years old. Nevertheless, it is likely that recent changes in age cohorts, vaccination status, lifestyle, and overseas travel have influenced the in- The present study revealed that hepatitis A did not exhibit an increasing age effect, as the age-specific incidence was highest among young adults who were 20-39 years old. This result is consistent with the reported age-specific seroprevalence rate in Korea [11, 12] , as the high seroprevalence in individuals < 10 years of age is related to vaccination that was introduced in 1997 [4] , and the high seroprevalence in individuals > 40 years of age is related to childhood infections that occurred before Korea's rapid socioeconomic development and public sanitation improvements [11] [12] [13] . Therefore, hepatitis A occurred most frequently in the 20-39-year-old group, who exhibited a low seroprevalence rate. However, the incidence rapidly increased after the age of 18-20 years, which is when most individuals start college or develop an active social life. These adults were likely infected by HAV during overseas travel to endemic areas, after consuming shellfish, or at catered social events [4, [16] [17] [18] [19] . In addition, the incidence rates of hepatitis A were highest in 2009 for the 1978-1980 male birth cohort and the 1981-1983 female birth cohort. Although a difference of three years was found between males and females, the patterns confirm that the highest incidence was observed among individuals who were in their mid-20s.
Analyzing hepatitis A incidence rates per 100,000 population, a gradually increasing pattern was seen from 2002 to 2007, followed by a sudden increase in 2008 and 2009. The cause of this spike in incidence is thought to be cases of sporadic occurrences in many regions, as observed in 2008 in the Gwangju region by Seo et al. [10] and an increase in laboratory diagnoses due to the rapid growth of awareness of hepatitis A.
We observed a high incidence of HAV among 0-2-year-old children; although hepatitis A is generally mild and self-limiting among children, some cases involving complications have been reported [20, 21] . In addition, some cases have required liver transplantation [22, 23] , which indicates that symptomatic and/ or severe hepatitis A is possible among children. Furthermore, awareness among parents and pediatricians (based on the hepatitis A explosion during the late 2000s) has likely increased the number of children who have undergone diagnostic testing [24] . Thus, the increased incidence of hepatitis A among very young children may be related to the increased awareness and testing of patients with non-specific symptoms in that age group.
A period effect was observed from 2008 to 2010, and the incidence of hepatitis A subsequently decreased after that point. This effect was likely related to a vaccination program that was introduced in Korea in 1997 [4] . Furthermore, the Korea Centers for Disease Control and Prevention started a national childhood vaccination program in May 2015 [3] , which will likely help reduce the future incidence of hepatitis A.
Variable birth cohort effects were observed, with high incidence rates observed in the pre-1930 cohorts and the 1980-1999 cohorts (20-39 years old at onset). Furthermore, the incidence of hepatitis A for the post-1978 cohorts increased continuously, although rapid decreases were observed in the post-2000 co- ings consistent with those of our study [11] [12] [13] . Various factors have likely influenced these effects. For example, these dramatic changes are closely related to the economic development of Korea, which was relatively weak until 1970, until which point Korea was characterized by poor public health, sanitation, and individual hygiene [10] . Thus, cohorts from this period likely had anti-HAV antibodies because they were exposed to HAV during their childhood [12] . In contrast, subsequent socioeconomic and sanitation improvements likely delayed HAV exposure in the post-1980 cohorts [11, 13] . Nevertheless, a risk of exposure is still present, as Korean public sanitation has not yet improved to the level of advanced countries that have low HAV endemicity [10] . The changes in the Korean endemicity of hepatitis A are likely a good example for developing countries, as hepatitis A is exhibiting a transition from high endemicity to intermediate endemicity in several Asian countries (e.g., China, India, and Malaysia) and Middle Eastern countries (e.g., Iran, Iraq, the United Arab Emirates, and Lebanon) [25] [26] [27] . Furthermore, hepatitis A in the Middle East may spread rapidly, given the poor hygiene, unclean water, and dense populations in Syrian refugee camps [27] . Moreover, hepatitis A vaccination is not currently sufficient in the Middle East, despite hepatitis A vaccination being included in several national immunization programs (e.g., in Bahrain, Cyprus, Iraq, Israel, Saudi Arabia, and Qatar) [27] . Therefore, since Korea has undergone rapid economic development, the patterns of change for hepatitis A in Korea may help predict future patterns in these countries.
This study has several limitations. First, we were not able to determine the incidence of asymptomatic infections [10] , as many children have subclinical symptoms of hepatitis A, and it is possible that we underestimated the incidence of hepatitis A in this age group. Second, we only evaluated data from an 11-year period, which is relatively short. However, hepatitis A is typically an acute disease that is cured within six weeks [2] , and this study period was likely sufficient for evaluating the incidence and changing patterns of hepatitis A. Third, the health insurance data using our study were secondary data based on diagnostic codes used for insurance claims. Therefore, our findings may have been slightly different from those that would have been obtained using a gold-standard test for the disease based on laboratory identification of the immunoglobulin M anti-HAV antibody. Despite these limitations, our findings provide a good model of the changing epidemiological patterns of hepatitis A, which are based on Korean socioeconomic growth patterns that are currently reflected in Middle Eastern and Asian countries. Our results may help predict high incidence patterns that could occur in developing countries. If these countries are not properly prepared, outbreaks of hepatitis A may pose a significant threat to the health of the population and the national econo- my. Therefore, measures are needed to address the higher incidence rates of hepatitis A among vulnerable populations, and we recommend that governments in developing countries focus on improving sanitation (e.g., creating a purified water supply) and implementing national immunization programs to address future epidemiological changes in hepatitis A.
